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SYSTEMS , METHODS , AND COMPUTER Accordingly , there is a need for ease - of - use when conform 
PROGRAM PRODUCTS TO IMPLEMENT ing a system to a set of rules implementing a reference 

CHANGES IN A CONVERGED system . 
INFRASTRUCTURE SYSTEM Various embodiments aid a user in conforming the con 

5 verged infrastructure system to a set of rules by providing a 
RELATED APPLICATIONS set of remediation schemas , each of the remediation schemas 

being operable to remediate at least one failure , wherein a 
The present application claims the benefit of U.S. Provi failure includes a difference between a configured system 

sional Patent Application No. 62 / 838,045 , filed Apr. 24 , and rule . A cloud - based validation utility may validate a 
2019 , and entitled “ SYSTEMS , METHODS , AND COM- 10 configured converged infrastructure system against a set of 
PUTER PROGRAM PRODUCTS TO PROVIDE rules , marking each difference between a rule and a con 
DYNAMIC PLAYS IN A CONVERGED INFRASTRUC figuration as a failure . For a given failure , the system may 
TURE SYSTEM , ” the disclosure of which is incorporated select a schema to be populated with a parameter ( e.g. , a 
by reference herein in its entirety . node name ) either automatically based on a result of vali 

15 dating the rule or through user input . Once the schema is 
BACKGROUND populated with appropriate parameters , it may be passed to 

an on - premises data center having a configuration utility , 
Various forms of storage systems are used today . These which matches the populated schema to an executable script . 

forms include direct attached storage ( DAS ) network Once the configuration utility matches the populated schema 
attached storage ( NAS ) systems , storage area networks 20 to an executable script , it fills in any appropriate parameters 
( SANs ) , and others . Network storage systems are commonly within the executable script and then causes that executable 
used for a variety of purposes , such as providing multiple script to be executed in the system , thereby remediating the 
users with access to shared data , backing up data and others . failure . Other remediation schemas may be matched to other 
A storage system typically includes at least one comput- executable scripts , so that the sets of the remediation sche 

ing system executing a storage operating system for storing 25 mas and the executable scripts provide for automated failure 
and retrieving data on behalf of one or more client comput remediation . 
ing systems ( " clients ” ) . The storage operating system stores Various embodiments provide for a user accessing the 
and manages shared data containers in a set of mass storage failure remediation tools through an interface via a public or 
devices . private cloud that is separate from the on - premises data 

Converged infrastructure environments with compute , 30 center , and the remediations are applied to the on - premises 
networking and storage nodes are becoming useful for data data center . 
centers . Continuous efforts are being made to efficiently In some examples , each rule may generate the parameters 
configure and deploy storage nodes in such an environment . dynamically based on the analytics ( such as failed rules ) so 

that the filled - in schema can be combined with operation 
BRIEF DESCRIPTION OF THE DRAWINGS 35 tags to securely generate executables ( e.g. , automation 

plays ) to perform operations to conform to best practice 
FIGS . 1A - B illustrate an example converged infrastruc- configuration across the converged system . The design may 

ture environment in which various embodiments may be allow for the user to leverage from a software as a service 
implemented ( SaaS ) portal that may be executed on the on - premises 
FIG . 2 illustrates an example process to remediate a rule 40 resources . 

failure within a converged infrastructure environment , Furthermore , various embodiments may be used to apply 
according to one embodiment . updates to a converged infrastructure system , provision or 
FIG . 3 illustrates an example process to remediate a rule remove compute or storage resources , or make any other 

failure within a converged infrastructure environment , configuration changes . Specifically , in some embodiments 
according to one embodiment . 45 an update or configuration change may not correspond to a 
FIG . 4 illustrates an example process to update a con rule failure and , instead , may be selected by a user separate 

verged infrastructure environment , according to and apart from any identified failure . 
embodiment . While the examples below refer to the cloud - based vali 
FIG . 5 illustrates an example process that may be per dation utility , it is noted that other embodiments may per 

formed on - premises by a converged infrastructure environ- 50 form the validation on - premises . In other words , the scope 
ment , according to one embodiment . of embodiments may perform the validation in the cloud , 

FIG . 6 illustrates an example process that may be per- on - premises , or other appropriate location . Furthermore , 
formed by a cloud - based service , according to one embodi- while the examples below refer to a Converged Infrastruc 
ment . ture ( CI ) , the scope of embodiments is not so limited . Rather , 

55 various embodiments may be applicable to a Hyper Con 
DETAILED DESCRIPTION verged Infrastructure ( HCl ) or other systems that fall under 

the Converged Systems ( CS ) umbrella . 
Some converged infrastructure environments include a Various embodiments provide advantages over some sys 

multitude of rules , which when followed , implement a tems . In one example , a converged infrastructure environ 
reference system that is a known - good system . When a user 60 ment provides ease - of - use for a human administrator . Rather 
configures the converged infrastructure , they may fail to than manually identifying rules failures or updates and 
conform to some of the rules . The customer may then manually generating and applying scripts , various embodi 
manually handle those differences by mapping the differ- ments include a variety of pre - programmed remediations 
ences to a set of commands or steps targeted at one or more and updates that may be applied through user selection of the 
devices to remediate those issues . However , this can be 65 failure or update itself and without manual identification or 
time - consuming and error - prone when attempting to fix the generation of scripts . Such embodiments may not only 
issue across several components in the converged system . provide efficiency to a human administrator , but they may 

one 
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improve the operation of the CI system by facilitating One or more switch 120 ( part of networking node 105 ) 
prompt fixes and updates to the CI system and reducing or may be used for communication between server systems 104 
eliminating administrator errors that would otherwise occur and storage systems 108 / storage device ( s ) 114. The switch 
with manual identification and generation of scripts . 120 may include a plurality of ports 122A - 122B and 124A 

Furthermore , splitting the responsibilities for validation 5 124B , having logic and circuitry for handling network 
and implementation between a cloud - based validation utility packets . For example , port 122A is coupled to host 104 , port 
and an on - premises CI environment may improve operation 122B is coupled to connection system 116 and port 124A is 
of the CI environment . Specifically , the cloud - based valida- coupled to storage system 108 and port 124B may be 
tion utility may provide a central resource for tracking coupled to other systems , for example , other switches , 
updates and storing a knowledge base of rules , failures , and 10 respectively . It is noteworthy that although only one port is 
schemas to implement updates and fixes . Therefore , in an shown as being connected to the storage system 108 , mul 
example in which a CI environment may be expected to be tiple ports may be used for that connection for redundancy 
subject to updates once per day or more , the cloud - based or any other reason . 
validation utility may use its resources to keep track of the Server systems 104 may be computing devices configured 
updates and determine which CI environments correspond to 15 to execute applications 106A - 106N ( referred to as applica 
the updates . Furthermore , since storage resources and com- tion or applications 106 ) over a variety of operating systems , 
pute resources are generally expected to be cheaper and including the UNIX® and Microsoft Windows® operating 
more plentiful in the cloud , the cloud - based validation utility systems . Applications 106 may utilize data services of 
may reduce demand on the on - premises CI environment by storage system 108 to access , store , and manage data in a set 
storing inventories and rules , performing the computation 20 of storage devices 110/114 that are described below in detail . 
necessary to identify available updates and fixes , generating Applications 106 may include an email exchange applica 
schemas corresponding to updates and fixes , and tracking tion , a database application or any other type of application . 
update / fix status of a multitude of different CI environments . In another aspect , application 106 may comprise a virtual 
FIG . 1A shows a high - level block diagram of a CI machine as described below in more detail . 

environment 101 ( also referred to as CI 101 ) in which 25 Server systems 104 generally utilize file - based access 
various embodiments may be implemented . CI environment protocols when accessing information in the form of files 
101 includes a compute node 103 , a networking node 105 and directories ) over a network attached storage ( NAS ) 
and a storage solution 107. The CI 101 may also commu- based network . Alternatively , server systems 104 may use 
nicate with a cloud - based validation utility 140 . block - based access protocols , for example , the Small Com 

In one aspect , CI 101 provides an integrated computing , 30 puter Systems Interface ( SCSI ) protocol encapsulated over 
networking and storage solution for a data center . The TCP ( iSCSI ) and SCSI encapsulated over Fibre Channel 
compute node 103 may include one or more servers that ( FCP ) to access storage via a storage area network ( SAN ) . 
execute one or more applications , for example , an email , Server 104 may also execute a virtual machine environ 
database or any other application . ment 105 , according to one aspect . In the virtual machine 

The networking node 105 enables the compute node 103 35 environment 105 a physical resource is time - shared among 
to access the storage solution 107. The networking node 105 a plurality of independently operating processor executable 
at least includes a switch and the storage solution 107 virtual machines ( VMs ) . Each VM may function as a 
includes a storage system with a plurality of storage devices self - contained platform , running its own operating system 
managed by a storage operating system , as described below ( OS ) and computer executable , application software . The 
in detail . 40 computer executable instructions running in a VM may be 

In one aspect , the CI 101 configuration is validated / collectively referred to herein as “ guest software ” . In addi 
certified to meet certain performance and resiliency require- tion , resources available within the VM may be referred to 
ments . This enables data centers to have predictable perfor- herein as " guest resources ” . 
mance and easy to deploy solutions . The guest software expects to operate as if it were running 
One example , of a CI 101 is FlexPod® ( without deroga- 45 on a dedicated computer rather than in a VM . That is , the 

tion of any third - party trademark rights ) that are based on guest software expects to control various events and have 
servers and switches that are provided by Cisco Systems , access to hardware resources on a physical computing 
Inc. and storage solutions that are provided by NetApp Inc. , system ( may also be referred to as a host platform ) which 
the assignee of the present application . The various features may be referred to herein as " host hardware resources " . The 
and functionality disclosed herein are not limited to any 50 host hardware resource may include one or more processors , 
specific CI or CI configuration . resources resident on the processors ( e.g. , control registers , 
FIG . 1B shows an example of a networked operating caches and others ) , memory instructions residing in 

environment 100 ( also referred to as system 100 ) with memory , e.g. , descriptor tables ) , and other resources ( e.g. , 
various components that can be used at CI 101 , in one aspect input / output devices , host attached storage , network 
of the present disclosure . As an example , system 100 may 55 attached storage or other like storage ) that reside in a 
include one or more computing systems 104A - 104N ( may physical machine or are coupled to the host platform . 
also be referred to and also shown as server system 104 or The virtual execution environment 105 executes a plural 
as host system 104 ) that are part of the compute node 103 of ity of VMs 126A - 126N . VMs 126A - 126N execute a plural 
CI 101. The server systems 104 may access one or more ity of guest OS 128A - 128N ( may also be referred to as guest 
storage systems 108 that are part of storage solution 107 via 60 OS 128 ) that share hardware resources 134. As described 
a connection system 116 such as a local area network above , hardware resources 134 may include CPU , memory , 
( LAN ) , wide area network ( WAN ) , the Internet and others . I / O devices , storage or any other hardware resource . Some 
The server systems 104 may communicate with each other embodiments may omit virtual execution environment 105 
via connection system 116 ( part of networking node 105 ) , and use applications running on bare - metal or in containers . 
for example , for working collectively to provide data - access 65 In other words , the scope of embodiments is not limited to 
service to user consoles 102A - 102N ( may be referred to as a virtual execution environment , and some embodiments 
user 102 ) and / or to host systems 104 . may include both virtual environments and run bare - metal . 
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A virtual machine monitor ( VMM ) 130 , for example , a appear to be a single storage drive . However , each volume 
processor executed hypervisor layer provided by VMWare can represent the storage space in one drive , an aggregate of 
Inc. , Hyper - V layer provided by Microsoft Corporation some or all of the storage space in multiple drives , a RAID 
( without derogation of any third party trademark rights ) or group , or any other suitable set of storage space . The term 
any other layer type , presents and manages the plurality of 5 aggregate as used herein means a logical object for manag 
guest OS 128A - 128N . VMM 130 may include or interface ing storage space at one or more physical storage devices . 
with a virtualization layer ( VIL ) 132 that provides one or The storage system 108 may be used to store and manage 
more virtualized hardware resource 134 to each guest OS . information at storage devices 110/114 based on a request 
For example , VIL 132 presents physical storage at storage generated by server system 104 , cloud - based validation 
devices 110/114 as virtual storage ( for example , as a virtual 10 utility 140 , user 102 and / or a VM . The request may be based 
hard drive ( VHD ) ) to VMs 126A - 126N . The VMs use the on file - based access protocols , for example , the Common 
VHDs to store information at storage devices 110/114 . Internet File System ( CIFS ) or the Network File System 

In one aspect , VMM 130 is executed by server system 104 ( NFS ) protocol , over TCP / IP . Alternatively , the request may 
with VMs 126A - 126N . In another aspect , VMM 130 may be use block - based access protocols , for example , iSCSI or 
executed by an independent stand - alone computing system , 15 FCP . 
often referred to as a hypervisor server or VMM server and As an example , in a typical mode of operation , server 
VMs 126A - 126N are presented via another computing sys- system 104 ( or VMs 126A - 126N ) transmits one or more 
tem . It is noteworthy that various vendors provide virtual- input / output ( 1/0 ) commands , such as an NFS or CIFS 
ization environments , for example , VMware Corporation , request , over connection system 116 to the storage system 
Microsoft Corporation ( without derogation of any third- 20 108. Storage system 108 receives the request , issues one or 
party trademark rights ) and others . The generic virtualiza- more I / O commands to storage devices 110/114 to read or 
tion environment described above with respect to FIG . 1A write the data on behalf of the server system 104 and issues 
may be customized depending on the virtual environment an NFS or CIFS response containing the requested data over 
provider . the connection system 116 to the respective server system 

System 100 may also include the cloud - based validation 25 104 . 
utility 140 for managing and configuring various elements of In one aspect , storage system 108 may have a distributed 
system 100. Cloud - based validation utility 140 may include architecture , for example , a cluster - based system that may 
one or more computing systems for performing various tasks include a separate network module and storage module ( not 
described below in detail . Details regarding cloud - based shown ) . Briefly , the network module is used to communicate 
validation utility 140 are provided below in more detail . 30 with host platform server system 104 and cloud - based 

System 100 may also include one or more user consoles validation utility 140 , while the storage module is used to 
102A - 102N referred to as users . Users ' 102A - 102N may communicate with the storage devices 110/114 that are a part 
access server system 104 for storage related services pro- of a storage sub - system . Furthermore , various embodiments 
vided by storage system 108 and also use cloud - based may include a distributed architecture for more than just the 
validation utility 140 described below in detail . 35 storage system 108. For instance , the system shown in FIG . 

In one aspect , storage system 108 includes one or more 1 may span locations or a combination of on - premises and 
nodes with access to a set of mass storage devices 110 ( may cloud resources . In fact , the system of FIG . 1 may include 
be referred to as storage devices 110 ) within a storage hybrid resources . 
subsystem 112. Storage system 108 may also access storage Storage system 108 maintains various data structures for 
devices 114 via another switch ( not shown ) that may be a 40 storing information related to storage devices 110/114 . For 
Fibre Channel , Fibre Channel over Ethernet or any other example , storage system 108 is aware of the identity and 
type of switch . Storage devices 110 and 114 are referenced capabilities of storage device 110/114 . Storage system 108 
interchangeably throughout this specification . As an maintains the information regarding all the VMs and server 
example , storage devices 110 and 114 may be a part of a systems that use storage device 110/114 . This information 
storage array within the storage sub - system . 45 may be provided to the cloud - based validation utility 140 for 

Storage devices 110/114 are used by storage system 108 configuring a storage system to a CI environment , as 
for storing information . The storage devices 110/114 may described below in detail . 
include writable storage device media such as magnetic The cloud - based validation utility 140 may be imple 
disks , video tape , optical , DVD , magnetic tape , non - volatile mented in one computing device or in a distributed envi 
memory devices for example , self - encrypting drives , flash 50 ronment among multiple computing systems . In one aspect , 
memory devices and any other similar media adapted to the cloud - based validation utility 140 is used to configure a 
store information . The storage devices 110/114 may be CI system to a certified , CI configuration . Validation utility 
organized as one or more groups of Redundant Array of 140 may communicate with agent / handler 150 , which may 
Independent ( or Inexpensive ) Disks ( RAID ) . The aspects include an application that runs on an OS 128 . 
disclosed herein are not limited to any particular storage 55 In one example , the cloud - based validation utility 140 
device or storage device configuration . executes a series of validation commands to check whether 

In one aspect , to facilitate access to storage devices a CI system complies with CI environment configuration 
110/114 , a storage operating system of storage system 108 rules . The validation commands may be run in sequence . 
virtualizes the storage space provided by storage devices The commands determine if the rules for the command are 
110/114 . The storage system 108 can present or export data 60 met . If the rules are not met ( i.e. , a “ failure ” ) , then a 
stored at storage devices 110/114 to server systems 104 and description is provided of why they are not met and an 
VMM 130 as a storage volume or one or more qtree option to “ fix ” the failure may also be provided to the user 
sub - volume units . Each storage volume may be configured via a GUI . 
to store data files ( or data containers or data objects ) , scripts , The cloud - based validation utility 140 may store a rich 
word processing documents , executable programs , and any 65 document , which also may be referred to as “ rdoc ” in this 
other type of structured or unstructured data . From the example . The rdoc may include an internal data model that 
perspective of the VMs / server systems , each volume can represents the CI 101 , and each rdoc data collection includes 
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a snapshot in time of the CI 101's state . In one example , the infrastructure environment , such as CI 101. For instance , the 
rdoc includes a listing of the various hardware and software validation utility 140 may have identified one or more 
components within CI 101 , the items inside the components failures and may have provided options for the user to 
including settings , and indications of related components remediate those failures . The user may interact with a GUI 
and settings . The cloud - based validation utility 140 may 5 or other interface to select ones of the failures to remediate 
update the rdoc as often as is appropriate , such as each time at action 202. An example of a failure that may be remedi an update is applied , a component is added or deleted , or ated may include identifying a domain name server ( DNS ) , settings are changed . Furthermore , updating the rdoc may be setting up iSCSI for a particular storage virtual machine a push operation ( wherein the CI 101 transmits a description ( SVM ) , enabling use of a discovery protocol , such as Cisco of its state to the cloud - based validation utility 140 ) , a pull 10 Discovery Protocol or CDP , for a node , or the like . In fact , operation ( wherein the cloud - based validation utility polls 
the CI 101 for changes from time to time ) , or a combination method 200 may be used to apply updates to a CI environ 
thereof . ment , scale or improve performance of the CI environment , 

Thus , the rdoc includes the CI data model and analytics or the like . 
used to evaluate the rules where the results are stored in the 15 The example of FIG . 2 is described with respect to a 
rdocs along with input variables for remediation or “ Con particular working example , specifically , remedying a fail 
verged Operation ” . In one example , the cloud - based vali- ure to enable a discovery protocol . However , it is understood 
dation utility 140 executes code to perform a validation that method 200 may be used generally to remediate any 
operation , which compares the data in the rdoc to the various failure . 
rules and to update the rdoc to identify failures . The cloud- 20 At action 202 , the user requests to fix a failure regarding 
based validation utility 140 may provide a graphical user enabling a discovery protocol at a node . In this example , a 
interface ( GUI ) to the user to inform the user of the failures node may include a piece of hardware or a piece of software 
and to provide an option to the user to remediate those within CI 101. At action 204 , the validation utility 140 
failures . Upon instruction by the user to remediate a par- selects a schema from its multitude of schemas . For 
ticular failure , cloud - based validation utility 140 selects a 25 instance , when the validation utility 140 identified the error , 
schema corresponding to the failure , populates the schema each error corresponds to at least one schema that is saved 
with the appropriate parameters , and sends the filled - in by the validation utility 140. When the user requests to 
schema to the agent / handler 150. An example schema remediate the failure , validation utility 140 accesses the 
includes structured data that is intended to provide agent / schema corresponding to that failure . The schema itself 
handler 150 with information to carry out the desired 30 includes a template for generating an executable script as 
operation . For instance , if a particular operation requires well as space reserved to be filled - in by any appropriate 
multiple steps that must be performed in a particular order , parameters . In this instance , a parameter may include the 
then the schema itself may indicate those steps and that name of the node for which the discovery protocol should be 
order . The schema may also identify a particular component enabled . Validation utility 140 is aware of the name of the 
a : CI 101 to be updated or changed . It may also include a tag 35 node due to its validation analytics that identified the failure , 
that identifies scripts to be used to effectuate the changes . so the validation utility 140 does not request the user to fill 

The agent / handler 150 then selects an executable script in the name of the node . However , in an instance in which 
that it runs against CI 101 , thereby causing a configuration a parameter is not readily identifiable by validation utility 
change of one or more nodes that remediates the failure . The 140 , it may prompt the user to manually enter the parameter . 
agent / handler 150 may then also report back to the cloud- 40 At action 206 , the validation utility 140 transmits the 
based validation utility that the requested remediation was schema , filled - in with appropriate parameters , to the agent / 
performed . handler 150. Upon receipt of the filled - in schema , the 
Of course , the scope of embodiments is not limited to agent / handler 150 identifies a pre - stored script template that 

simply remediating a failure . Rather , various embodiments corresponds to the particular schema . For instance , the 
may be used to perform updates or other configuration 45 schema may include a tag that identifies the particular failure 
changes as appropriate . For instance , if cloud - based valida- and , thus , identifies the schema as well . The schema may 
tion utility 140 determines that an update is available for the then be matched to a pre - stored script template using its tag . 
CI 101 , then it may flag the update in the same way that it Thus , at actions 208 and 210 , the agent / handler 150 selects 
flags a failure — by alerting the user on the GUI . The user an executable script and sends that executable script to the 
may select the update , which causes the cloud - based vali- 50 configuration controller , which may be a part of agent / 
dation utility 140 to dynamically generate a schema with handler 150 or may be separate from agent / handler 150 but 
specific parameters and operation tags leveraging cloud is , in any event , part of the on - premises system . In this 
based data analytics and best practices that is passed to the example , the executable scripts correspond to AnsibleTM 
agent / handler 150 , which generates scripts and applies the plays , though it is understood that various embodiments may 
scripts against the CI 101 to update one or more compo- 55 use any configuration manager . Examples of configuration 
nents . Similarly , the technique may be used to provision or managers include AnsibleTM , ChefTM , and PuppetTM , among 
delete storage or compute resources . For instance , the GUI others . 
may include an option to provision a storage volume . When At action 212 , the agent / handler 150 runs the executable 
the user selects the option to provision storage volume , the script against the CI environment , thereby causing the CI 
request is sent to the cloud - based validation utility 140 , 60 environment to configure itself . Continuing with this 
which generates a schema that is passed to the agent / handler example , the failure includes a not enabled discovery pro 
150 , which generates scripts and applies the scripts against tocol for the particular node . Accordingly , the executable 
the CI 101 to provision the resource . script may cause the CI environment to enable that discov 
FIG . 2 is a signal diagram illustration of a method 200 , ery protocol for the node . At actions 214-220 , the CI system 

which may be performed within CI 101 , according to an 65 reports the results back through the chain so that the vali 
embodiment . FIG . 2 illustrates a scenario in which a user dation utility 140 and the user are apprised of the update . 
( e.g. , the “ actor ” ) seeks to remediate a failure in a converged Although not shown in FIG . 2 , validation utility 140 may 
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keep logs and records of the updates , including modifying may implement cloud - based validation utility 140 and agent / 
the rdoc to indicate the change made to remediate the failure . handler 150 differently than the specific embodiment shown 

FIG . 2 provides an example of making a configuration in FIG . 4 . 
change in response to a rule failure . However , as noted At action 1 , the user is presented with an option to update 
above , this technique may be applied to updates , additions or 5 the CI environment and chooses that option using , e.g. , a 
omissions of resources , or any other desired changes to the GUI or other interface . At action 2 , the portal sends the 
CI environment . Thus , in one example , action 202 may request to an upgrade service . At action 3 , the upgrade 
include a user identifying a desired update via a GUI , action service determines the latest version supported based on a 
204 may include the validation utility 140 generating a support matrix for the CI . 
schema specifically for the requested update , and the At action 4 , the validation utility 140 generates a schema . 
remaining actions 206-220 being the same as described If the update is large , then the schema may be large as well 

and may have many parameters that may be filled - in through above . the validation process and / or manually by the user . In this FIG . 3 is an illustration of an example method , which may example , the schema is similar to the schemas described be performed within CI 101 , according to an embodiment . 15 above with respect to FIGS . 2 and three . Specifically , the 
FIG . 3 also illustrates a scenario in which a user seeks to schema of FIG . 4 specifically corresponds to the update and 
remediate a failure in a converged infrastructure environ also corresponds to one or more executables that implement 
ment , such as CI 101. FIG . 3 illustrates the actions of FIG . the changes according to the update . In some embodiments , 
2 as they occur within a converged infrastructure environ- each CI version update may be accompanied by an updated 
ment that uses an rdoc , REST interfaces , PythonTM , 20 schema , which is drafted to cause the appropriate 
AnsibleTM , and YAML . Furthermore , examples of a cloud- executables to be generated . 
based validation utility 140 and an agent / handler 150 are Actions 5-6 , the validation utility 140 sends the filled - in 
shown in FIG . 3 , according to one example . However , it is schema to the agent / handler 150 , and at action 7 the handler 
understood that other embodiments may implement cloud- replaces any keys with credentials . At action 8 , the agent / 
based validation utility 140 and agent / handler 150 differ- 25 handler generates the executables by following instructions 
ently than the specific embodiment shown in FIG . 3 . within the schema to select one or more corresponding 
At action 1 , the user selects remediation for a failure using executables and fills those executables in with any appro 

a GUI or other interface at the converged systems advisor priate parameters . At action 9 , the agent / handler executes the 
( CSA ) portal within validation utility 140. At action 2 , the executables against the CI to make the requested changes 
validation utility 140 assigns remediation request to a par 30 and send status logs back to the validation utility 140. At 

actions 10-12 , the validation utility 140 and the agent / ticular job ID and also populates a selected schema with 
appropriate parameters ( e.g. , a name of a node ) . At actions handler record the updates as appropriate ( e.g. , at rdocs and 

status logs ) . 3-4 , the validation utility 140 forwards a remediation Referring to FIGS . 2-4 , the system has coded function request , including the filled - in schema , and a device key to 35 ality in it that can 1 ) validate a system to determine whether the agent / handler 150. In this example , the validation utility a converged system conforms to a set of rules , 2 ) notify the 140 does not have credentials to access the particular user via a UI that some aspects are not conforming , 3 ) upon 
devices within the CI and , instead , uses keys that identify instruction by the user to fix , select a schema and fill the particular devices or nodes . The agent / handler 150 may then schema in with parameters to make structured data , 4 ) send 
replace the keys with the appropriate credentials . It should 40 the structured data to the agent to create an executable , 
be noted in this example that the credentials are not trans- where the agent includes templates ( e.g. , for AnsibleTM 
mitted to the cloud and do not otherwise leave the on- plays ) that can incorporate the structured data , 5 ) send the 
premises site . executable to the converged system and execute that execut 

At action 5 , the agent / handler 150 replaces the keys with able to make the particular change , 6 ) keep logs and track 
the credentials . At action 6 , the agent / handler selects an 45 that the change was actually made , and 7 ) inform the user 
executable template corresponding to the schema and fills that the change was made . 
the executable template in with the appropriate parameters Each rule remediation may be backed by an automation 
from the schema . Further in action 6 , the agent / handler 150 script known as an AnsibleTM play , in some embodiments . 
runs the executable against the CI to make the requested For the embodiments of FIGS . 2-4 , the techniques include 
change . 50 creating AnsibleTM roles with tags that will allow mapping 

At action 7 , the agent / handler sends the runtime operation to generate plays that will remediate a rule or perform a 
state / status back to validation utility 140 , where the statel converged operation . 
status indicates the change made and the current state of the For each rule that can be remediated , the following 
CI . At action 8 , the validation utility 140 triggers a data actions may be used as input to the cloud - based SaaS 
collection for logs , and at action 9 , the portal polls for 55 system : 
additional remediation jobs . 1 ) Identify what are automation constructs ( roles , tasks 
FIG . 4 is an illustration of an example method , which may and variables ) to remediate rule or perform converged 

be performed within CI 101 , according to an embodiment . operation . 
FIG . 4 illustrates a scenario in which a user updates a CI , 2 ) Provide tags associated with the automation constructs 
such as CI 101 , using a same or similar method as that 60 for each of the tasks for the converged operation . 
described above with respect to FIGS . 2 and 3. As with FIG . 3 ) Capture the input variables for the resulting automation 
3 , FIG . 4 illustrates actions as they occur within a converged based on the tags . 
infrastructure environment that uses an rdoc , REST inter- 4 ) Create converged operation structured schema ( e.g. , 
faces , PythonTM , AnsibleTM , and YAML . Furthermore , json ) to allow the SaaS system to translate converged 
examples of a cloud - based validation utility 140 and an 65 operations into requirements to run the automation ( input 
agent / handler 150 are shown in FIG . 4 , according to one variables , tags , etc. ) . Depending on input variable type , 
example . However , it is understood that other embodiments values may be fetched intelligently from the known best 
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practices ( e.g. , rules ) associated with each analytics / rule keep the converged infrastructure environment configured 
result or the user may be requested to enter some input and updated . The cloud - based service may have a plurality 
variables that meet json requirements for automation / An- of pre - stored actions that may be performed on a converged 
sibleTM play . infrastructure environment , where each of the pre - stored 

In some examples , the cloud - based SaaS system has one 5 actions corresponds to a tag . Similarly , the on - premises 
or more of the following specifications : computing device may communicate with storage which has 

1 ) For rules that can be remediated or corrected by a plurality of script templates stored , where the script 
automation , add converged operation input data required to templates also correspond to tags . 
remediate the rule . A benefit of some embodiments is The schema may also include a parameter , where an 
minimizing the user input required so that the solution 10 example of a parameter may include an identification of a 
reduces user error and complexity based on analytics already component within the converged infrastructure environ 
performed on each rule . ment . In other words , the parameter may indicate an item on 

2 ) Given the converged operation structured data , the which the change is to be made . An example of action 502 
system may correlate converged operation appropriately to includes actions 204 and 206 of FIG . 2 . 
failed rules . At action 504 , the on - premises computing device selects 

3 ) When either the user selects to execute the converged an executable script template from a store of executable 
operation and / or system is authorized to auto correct the script templates using the tag . 
failed rule , the converged operation structure data and the Action 506 , the on - premises computing device generates 
converged operation data associated with the failed rule is an executable script from the executable script template . For 
used to dynamically generate the automation prescribed for 20 instance , action 506 may include populating the executable 
the infrastructure . script template with the parameter . In other words , the 

4 ) Push to automation request to on - premises agent / executable script may include lines of computer code , 
gateway . executable by one or more components of the converged 

5 ) Add credentials securely to automation engine with infrastructure environment , and specifying a component to 
generated data from SaaS system . 25 be changed . 

6 ) Report results back to SaaS system includes verifica- At action 508 , the on - premises computing device runs the 
tion that the analytics produces successful results . executable script against a component that is the object of 

The same mechanism may be used to automate the actions the change . Of course , various embodiments may include a 
that can be taken on the converged infrastructure as single given schema and script directing changes on a multitude of 
system . This includes ability to upgrade and scale the CI 30 different components . The executable script may change a 
system . setting at a component , add or delete a software component , 
FIG . 5 is an illustration of an example method that may update a software component , and the like . 

be performed by CI 101 of FIGS . 1A , B and 2. Specifically , At action 510 , the on - premises computing device trans 
method 500 may be performed by an application running on mits a state of the converged infrastructure environment to 
a virtual operating system within server 104 , according to 35 the cloud - based service . For instance , if a change to a setting 
one embodiment . However , method 500 may be performed was made , the on - premises computing device made transmit 
by any suitable computing component within the on - prem- a message to the cloud - based service that indicates the 
ises portion of CI 101 by executing code on computer setting change . This may permit the cloud - based service to 
readable media to cause one or more computers to perform update its own records to reflect a current state of the 
the actions of method 500 . 40 converged infrastructure environment . 

Although not shown in method 500 , various embodiments FIG . 6 is an illustration of example method 600 , which 
may include a GUI that presents options to a user , where may be performed by a cloud - based service , such as cloud 
some of the options may include remediating a rule failure , based validation utility 140 of FIGS . 1A , B , and For 
updating the converged infrastructure system , changing a instance , one or more cloud servers may execute code on 
configuration of the converged infrastructure system , and 45 computer readable media to cause the one or more cloud 
the like . When the user selects one of the options , it may servers to perform the actions of method 600 . 
trigger a cloud - based service to generate a schema , which At action 602 , the cloud - based service may receive input 
may include structured data , as described in more detail from a user indicating a request to make a change to a 
below . In this example , the GUI and the schema generating converged infrastructure environment . The change may 
may be provided by a cloud - based service before action 502. 50 include a fix for a rule failure , a software update , or any other 

At action 502 , the computing component receives the desired configuration for the converged infrastructure envi 
schema . In one example , the schema is a portion of struc- ronment . The request may be received from an on - premises 
tured data , which indicates a change to be made to the component of the converged infrastructure environment . 
converged infrastructure system . For instance , the schema At action 604 , the cloud - based service may select a 
may indicate a plurality of actions to perform on one or more 55 schema corresponding to the change . Schemas are described 
components of the converged infrastructure system , and the in more detail above . The schema may correspond to one or 
schema may even indicate an order in which the actions are more of a set of pre - programmed changes that may be made 
to be performed . Examples of actions that may be performed to the converged infrastructure environment . Also , the 
include changing a setting , adding or deleting a software schema may indicate a plurality of different operations to be 
component , provisioning or deleting a storage resource or 60 performed on a plurality of different components within the 
virtualization resource , updating a software component , and converged infrastructure environment and an order of the 
the like . operations . The schema also corresponds to a script template 

The schema may also include a tag , which may include of the converged infrastructure environment . In some 
information to identify the schema itself and also to identify examples , the schema may include a tag that identifies the 
a script template that corresponds to the schema . For 65 schema and its correspondence to a script template . 
instance , the tag may be set by a cloud - based service that At action 606 , the cloud - based service populates the 
works in tandem with the on - premises computer system to schema with a plurality of parameters applicable to the 
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converged infrastructure environment . For instance , the 9. The non - transitory machine readable medium of claim 
parameters may identify hardware and software compo- 1 , wherein the executable script comprises an update for the 
nents . component . 

At action 608 , the cloud - based service may transmit the 10. A method comprising : 
populated schema to an agent running on an operating receiving input from a user indicating a request to make 
system within the converged infrastructure environment . a change to a converged infrastructure environment , 

At action 610 , the cloud - based service may report to the wherein the request is received from an on - premises 
user that the change has been made to the converged component of the converged infrastructure environ 
infrastructure environment . In some examples , the cloud ment and is received at a cloud - based service ; 
based service may receive a verification from the agent at the selecting a schema corresponding to the change , wherein 
converged infrastructure environment that the changes have the schema includes an identification of an operation to 
been made , and in the cloud - based service may report the be performed on the converged infrastructure environ 

ment and corresponds to a script template at the con change to the user by any appropriate manner , including by verged infrastructure environment ; GUI . populating the schema with a plurality of parameters The scope of embodiments is not limited to the series of applicable to the converged infrastructure environment ; 
actions shown in FIGS . 5 and 6. Rather , various embodi transmitting the populated schema to an agent running on 
ments may add , omit , rearrange , or modify one or more an operating system within the converged infrastruc 
actions . For instance , various embodiments may include ture environment ; and 
performing methods 500 and 600 periodically or at desired reporting to the user that the change has been made to the 
times . Furthermore , methods 500 and 600 may be performed converged infrastructure environment . 
to provide fixes for rule failures , software updates , or other 11. The method of claim 10 , wherein the request to make 
desired changes . a change comprises a request to remediate a rule failure . 

12. The method of claim 10 , wherein the request to make 
What is claimed is : 25 a change comprises a request to apply a software update to 
1. A non - transitory machine readable medium having the converged infrastructure environment . 

stored thereon instructions for performing a method com- 13. The method of claim 10 , wherein the request to make 
prising machine executable code which when executed by at a change comprises a request to provision a storage resource 
least one machine , causes the machine to : in the converged infrastructure environment . 

receive a schema with a tag and a parameter , the schema 30 14. The method of claim 10 , wherein a first parameter of 
representing a change to be made to a converged the plurality of parameters includes a name of the node . 
infrastructure environment , wherein the schema is 15. The method of claim 10 , further comprising : compar 
received from a cloud - based service to the on - site ing a sta of the converged infrastructure environment 
converged infrastructure environment ; against a set of rules to identify a rule failure . 

select an executable script template from a store of 35 16. The method of claim 10 , wherein populating the 
executable script templates using the tag ; schema with the plurality of parameters comprises automati 

generate an executable script from the executable script cally populating the schema using parameters discovered 
template , including populating the executable script during validation of the converged infrastructure environ 
template with the parameter ; and ment . 

run the executable script against a component of the 40 17. A computing device comprising : 
converged infrastructure environment . a memory containing machine readable medium compris 

2. The non - transitory machine readable medium of claim ing machine executable code having stored thereon 
1 , wherein the code further causes the machine to : instructions for performing a method of changing a 

transmit a state of the converged infrastructure environ- converged infrastructure environment ; 
ment to the cloud - based service after running the 45 a processor coupled to the memory , the processor con 
executable script . figured to execute the machine executable code to 

3. The non - transitory machine readable medium of claim cause the processor to : 
1 , wherein the schema is received at an on - premises data receive a schema with a tag and a parameter , the schema 
center of the converged infrastructure environment . representing a change to be made to a converged 

4. The non - transitory machine readable medium of claim 50 infrastructure environment , wherein the schema is 
1 , wherein the parameter identifies the component . received from a cloud - based service to the on - site 

5. The non - transitory machine readable medium of claim converged infrastructure environment ; 
1 , wherein the schema identifies a plurality of actions to be select an executable script template from a store of 
performed on the component . executable script templates using the tag ; 

6. The non - transitory machine readable medium of claim 55 generate an executable script from the executable script 
1 , wherein the schema identifies a plurality of actions in a template , including populating the executable script 
specific order to be performed on the component . template with the parameter ; and 

7. The non - transitory machine readable medium of claim run the executable script against a component of the 
1 , wherein the component comprises an item selected from converged infrastructure environment . 
the list consisting of : 18. The computing device of claim 17 , wherein the 

a compute resource ; processor is further configured to : 
a virtualization resource transmit a state of the converged infrastructure environ 
a storage resource ; and ment to the cloud - based service after running the 
a networking resource . executable script . 
8. The non - transitory machine readable medium of claim 65 19. The computing device of claim 17 , wherein the 

1 , wherein the executable script comprises a fix for a schema is received at an on - premises data center of the 
configuration failure . converged infrastructure environment . 

60 
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20. The computing device of claim 17 , wherein the 

schema identifies a plurality of actions in an order to be 
performed on the component . 


